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M. M. Reyad 
Associate Professor, Building Research Center, Cairo, Egypt 
SYNOPSIS This paper presents a study of a case of severe distress happened in an administration 
building constructed in new desert area. Some Egyptian deserts have uncommon soil formation which 
is still not well known for many engineers. Due to insufficient investigations, the soil behaviour 
was not adequately recognized specially when it comes in contact with water. The result was incon-
venient foundation system. Severe cracks and unexpected damage had happened in many parts in the 
building after use. The paper comprises all the carried out investigations and studies to identify 
the problem in order to prevent any more deterioration and adopt the most convenient remedy. 
INTRODUCTION 
Twelve years ago a new private institute for de-
velopment of agriculture technology was establi-
shed on a great area of land in the eastern de-
sert of Egypt. The land lies in a semi-arid 
region about 40 km to the east of Cairo. The 
object of the project was reclamation of desert, 
teaching, training and research works. The ad-
ministration building of the institute consists 
of basement, ground floor and another upper four 
floors built according to the reinforced concrete 
skeleton system. The basement was used for labo-
ratory equipment while the other floors were 
allocated for different purposes such as lecture 
rooms, meeting halls, offices, dining room, ••• etc. 
The building was surrounded by new cultivated 
green areas. 
On 1984, the building was completely finished 
and began to be used. After about two years, 
Qnexpected hair cracks began to appear in most 
interior walls in the basement. Cracks went wi-
jer and wider and appeared also in many beams in 
the basement roof. Deterioration was very clear 
to human eye so that evacuation for safety was 
1ecessary on 1987. The author was responsible 
:or studying the case and solving the problem. 
CNVESTIGATIONS AND STUDIES 
~he study was divided into three .parallel stages 
lncluding the state of the superstructure itself, 
.nspection of foundations and soil investigation. 
:n the first stage all drawings and calculation 
;heets were revised, different in situ and labo-
·atory tests were carried out on most concrete 
~lements. Gypsum monitors and electronic indi-
~ators were used to measure and follow up the 
:racks width. 
Foundation inspection was done by manual exca-
·ation around the foundations down to a reasona-
·le depth and the concrete dimensions were mea-
ured, Samples from both foundation concrete 
nd surrounding soil were carefully examined. 
ertical displacement of foundations were obse-
ved in different points for a quite sufficient 
ong period of time. 
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For soil investigation purposes, four mechani-
cal borings were executed down to depth 25 m ar-
ound the built area. Soil samples were careful-
ly examined and tested according to the ASTM in 
trusty laboratories in Cairo. 
RESULTS AND DISCUSSIONS 
The Superstructure 
Most distress was found concentrated in the base-
ment. Severe cracks in all the interior brick 
walls. Wide vertical cracks in the roof beams 
at the lines of intersection with columnR. The-
se cracks were narrow at the top wider at the 
bottom. Such shape of cracks was found in beams 
underlaid by brick walls. Cracks in beams free 
from under-walls were thinner, inclined and away 
from column faces. Noticeable arching had happe-
ned in the R.C slab of the basement roof resulti-
ng in many thin to moderate cracks in the upper 
surface of the slab beneath floor tiles. Uphea-
val and cracks in tiles of both the basement and 
next floor prevented many doors from moving easi-
ly. Damage had also taken place in the tiles of 
footpath surrounding the building. The structu-
ral elements of the other parts of the building 
Fig. 1. Cracks in interior walls and ground 
beams and arching in floor tiles 
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Fig. 2. Vertical cracks in roof beams 
underlaid by brick walls 
Fig. 3. Inclined cracks in roof beams free 
from under-walls, (looking upwards) 
including columns were found in good condition. 
Figures 1 through 4 show some of the above ex-
plained harm. 
The Foundations 
The building was founded on square plain concre-
te piers. Piers go through the upper thick clay 
layer to rest on the firm sand deposit at depth 
about 11.5 m below natural ground surface. Squa-
re R,C bases were constructed on the piers to 
carry the R.C columns, Columns were connected 
in both directions with relatively weak R.C 
ground beams higher than the base surface by 
about 50 em. Foundation inspection indicated 
that piers and bases were in good condition whi-
le most troubles were concentrated in all ground 
beams as shown in figure 5. Severe upwards ben-
ding with very wide cracks an damage. Corrosion 
and rust in steel reinforcement was very clear. 
Observation showed that neither vertical nor lat-
eral displacement had taken place in the piers. 
Ground beams were found resting directly on the 
natural clayey soil, The excavated soil was also 
used as backfill around bases and under basement 
floor. 
Soil Characteristics 
The main source of troubles was the nature and 
behaviour of the soil at this site, Investiga-
tions indicated that the soil consists of highly 
expansive dark brown silty clay extending down 
to depth about 11.5 m below the natural ground 
surface underlaid by thick deposit of dense gra-
ded sand. No ground water table was encountered 
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Fig. 4. Upheave and cracks in footpath tiles 
Fig. 5. Bending and damage in ground beams 
down to depth 25 m. 
It is well known that such kind of clayey soiJ 
is very stiff in the dry or semi-dry state with 
high bearing capacity. However, when it comes 
in contact with water it absorbs slowly big amo-
unts of water and swells. Swelling phenomenon 
is always accompanied by vertical and lateral 
pressures proportional to the degree of activit] 
of the clay minerals. If such pressures were nc 
taken into consideration, buildings would not 
tolerate or withstand the resulting differential 
movements and cracks definitely appear. This 
kind of destructive soils have been classified 
under the topic of "problematic soils" which 
have been recently recognized in Egypt. 
In our problem there were three main sources 
of surface water; the continuous flooding of 
green areas surrounding the building, the con-
tinuous leakage of wastewater from inspection 
chambers and underground collecting tanks and 
also the accumulated water on the basement floor 
which was used for agricultural laboratory tes-
ting. Water penetrated into the clayey soil 
resulting in high expansion. 
THE DECISION 
The study shows that the source of troubles was 
the mischoice of the foundation system. Expan-
sive clay when absorbed water upheaved producing 
high pressures, Ground beams were too weak to 
withstand such pressures, Bending, cracks and 
all the other damages had taken place. 
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Doubtless, the upper parts of piers were expo-
sed to upwards skin friction along their circum-
ferential area due to expansion of the adjacent 
soil, Fortunately, no displacement occured due 
to the heavy loads as well as the high rigidity 
of the reinforced concrete skeleton. 
PROPOSED REMEDY 
The building was strongly shored up to avoid any 
movement. The area of the basement was divided 
into two equal sections. In each section the 
following three stages of remedy were executed 
successfully :-
L) Soil Replacement and Foundation underpinning: 
Nalls, floor tiles and the underly~ng backfill 
~ere removed out to reach the top level of piers, 
~xpansive clay was also dug out around the piers 
1own to depth 1.5 m as shown in figure 6 • Clay 
vas replaced by well compacted clean graded sand 
1p to the top level of the existing R,C footings. 
~he old ground beams were then removed, New R.C 
:asing of 10 em thick was made around the base-
lent columns. Columns were connected with new 
:igid ground beams resting on compacted sand, 
leinforced concrete slab 14 em thick was const-
:ucted resting on 5 em thick plain concrete mat 
Lnd supported by the ground beams to form the 
Lew basement floor. The R,C slab was extended 
'ertically up to 40 em height on the internal 
:urface of the exterior walls. Effective addi-
.ives were used to minimize the porosity and per-
sability of concrete. 
R.C 
Casing 
. ·.·:- .· .. 




Fig. 6. Soil replacement and foundation 
underpinning 
Insulation Works: 
csement floor slab was insulated against water 
metration by "vandex"; an imported material 
· cement origin. A strip of 40 em width all 
'und the perimeter of the floor slab was cove-
d by thin insulating sheets. Sheets were ex-
nded vertically to cover the lower 40 em of 
th walls and columns in order to form very 
11 insulated space all over the basement area. 
Repair Works: 
acked beams in the basement roof were supported 
I-sec, steel beams carried on thick brick 
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shoulders. Steel beams were also slightly emb-
eded in the R.C columns. Grouting by treated 
mortar was applied to fix the steel beams stro-
ngly in the columns body. Brick walls were re-
constructed. All the above explained steps were 
repeated again in the other section of the buil-
ding. Inspection chambers and collection tanks 
were removed and replaced. The new chambers and 
tanks consist of R.C base and side walls acting 
as one unit. They were well insula ted. Compacted 
clean sand was placed under their bases and be-
hind the side walls. Water and sewage lines were 
inspected, repaired or replaced and coated by 
sand envelop. The building was surrounded by 
wide footpath with suitable outwards slope to 
avoid water accumulation. Footpath was constru-
cted on 60 em compacted sand cushion, Green 
areas were shifted 2 m away from the footpath 
edges. Mechanical sprayers were used to avoid 
flooding. Regular maintenance works were stro-
ngly recommended. 
CONCLUSIONS AND RECOMMENDATIONS 
This case reveals clearly that any shortage or 
lack in soil investigations leads to many trou-
bles which waste time, effort and money to over-
come. It is strongly recommended that for any 
new building, whatever its value or its size, 
soil must be thoroughly investigated all over 
the site. Field and laboratory tests must be 
carried out carefully and the effect of water on 
soil behaviour under different stresses must be 
well recognized. The choice of suitable type of 
foundation and convenient structural system is 
very essential. Engineers must strictly apply 
the specifications and the code of practice 
during construction to avoid any future troubles. 
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